In dogs, reports on thoracic lymph nodes are lacking compared to abdominal lymph nodes. This report analyzed the position, number, size, shape, and homogeneity of thoracic lymph nodes (cranial sternal, cranial mediastinal, tracheobronchial, aortic thoracic, and pulmonary lymph nodes) using thoracic computed tomography (CT) images of 100 dogs without any lesions in the dominated areas of thoracic lymph nodes. The position and number of intrathoracic lymph nodes could be observed in CT, consistent with macroscopic anatomical studies. It was difficult to set a clinical index associated with size using CT scans. Image findings that indicated abnormalities, such as circular shapes and non-uniform, may be routinely found in dogs and may not be considered abnormal on CT scans.
Vendéen (1), Bulldog (1), French Bulldog (1), Border Collie (1), Polish Lowland Sheepdog (1), Boston Terrier (1), Leonberger (1) , and mixed breeds (14) . The underlying diseases in these dogs were chronic nasal cavity flame (20 cases), non-neoplastic epulis (five cases), dental disease (15 cases), non-neoplastic ear canal disease (five cases), atlantoaxial subluxation (three cases), intervertebral disk disease (nine cases), diffuse liver disease (13 cases) , nodular hyperplasia of liver (four cases), occlusive biliary tract obstruction (ten cases), portsystemic shunt (six cases), pancreatitis (two cases), intramuscular lipoma (two cases), and fracture of femur (one case), and no abnormality was identified during the medical examination of five dogs.
CT images (Bright Speed Elite, GE Healthcare Japan; or Asteion Super4 Edition, Canon Medical Systems, previously Toshiba Medical Systems) were obtained for the analysis in helical scan with 120 kVp and 5-112 mAs . These images were reconstructed with mediastinum algorithm and the slice thickness was 1-5 mm in accordance with the Response Evaluation Criteria in Solid Tumors (RECIST) in humans and Veterinary Cooperative Oncology Group [2, 6] . All dogs were held in prone or supine position under general anesthesia with isoflurane and taken under respiratory arrest.
The target lymph nodes were cranial sternal lymph nodes (CSLN) on the cranial sternum, cranial mediastinal lymph nodes (CMLN) in the cranial mediastinum, tracheobronchial lymph nodes (TLN; left-TLN, LTLN; right-TLN, RTLN; and middle-TLN, MTLN) adjacent to the main bronchi, aortic thoracic lymph nodes (ATLN) on the vertebral end, and pulmonary lymph nodes (PLN) on the dorsal surfaces of the principal bronchi. These lymph nodes are defined as the thoracic lymph nodes in the Miller and Evans' Anatomy of the Dog textbook [3] . The position, number, size, shape, and X-ray absorption uniformity of each lymph node were evaluated using conventional CT images that better distinguish between the lymph nodes and end of vessels as well as changes in size and uniformity of lymph nodes compared to contrast CT imaging. The CT image was set to the window level (10-80) and width (400-800) suitable for soft tissues.
Lymph nodes were measured in cross section according to RECIST [2, 6] . The measurements included maximum/major diameter (L) and minor diameter (S) perpendicular to the major diameter on a cross-section (XY plane). If the same lymph node was depicted on two continuous sections, L and S were measured on the section where the size of that lymph node was at its maximum ( Fig. 1 ). Since MTLN formed a V-shape branching into right and left legs, a lateral direction was chosen where the distance between the right and left legs was at its maximum as L and measured ventro-dorsal direction perpendicular to L as S ( Fig. 2 ). In the present study, craniocaudal (Z-axis) size of lymph nodes was excluded from the measurement, because target lymph nodes were small, slice thickness varied and was not isotropic, and RECIST did not use craniocaudal CT images. We defined the shape as "elliptical" when S/L was <0.5 and "circular" when S/L was ≥0.5 [4, 8, 11] . X-ray absorption uniformity of lymph node was classified into uniform, non-uniform, and low X-ray absorption at the hilum of the lymph node (central low absorption) ( Fig. 3 ). Since the size of lymph nodes depended on the size of the dog, in addition to S/L, we measured the diameter of the aorta (Ao) at the eighth rib and calculated L/Ao and S/Ao. In addition, we examined whether the size of lymph nodes correlated with the body weight or the diameter of the aorta. For dogs where multiple lymph nodes with the same name were found, the ratio was calculated using the average values of the lengths of L and S. For statistical analysis, we examined whether L and S of each lymph node correlated with the body weight and diameter of the aorta using the Pearson correlation coefficient or Spearman's rank correlation. We defined those with correlation coefficient (rs) of 0.4-0.7 as correlated and >0.7 as strongly correlated (P<0.05). Measured values were presented as mean ± standard deviation (range), with three significant digits. CSLN were observed in 96/100 dogs. They were observed on the dorsal side of the second and third sternebra and cranial side of the internal thoracic artery and vein, where they were present only on the right side in 2/96 dogs, on the left side in 3/96 dogs, and in the center in 4/96 dogs. In 85/96 dogs, CSLN was present on both sides. In 2/96 dogs, CSLN was present in all three locations (left, right, and center) ( Fig. 4 ). As such, zero to three CSLN were observed in each dog, with the total of 188 in 96 dogs. The mean number of CSLN observed in each dog was 1.88 ± 0.50 (range, 0-3). The mean size of the 188 lymph nodes was L=5.15 ± 1.89 mm (range, 1.69-10.3 mm) and S=3.16 ± 1.09 mm (range, 1.48-7.03 mm). There were 37/188 elliptical lymph nodes (20%) and 151/188 circular lymph nodes (80%). One elliptical lymph node was bimodal, and one circular lymph node had an irregular margin. Lymph node structure was uniform in 167/188 lymph nodes (89%) and non-uniform in 6/188 lymph nodes (4%). There were 13/188 lymph nodes (7%) with central low absorption. CMLN was observed in all 100 dogs in the cranial mediastinum, especially between the right jugular veins and cranial vena cava (86/100 cases) ( Fig. 5 ), between brachiocephalic artery and cranial vena cava (85/100 cases) ( Fig. 6 ), and between brachiocephalic artery and left subclavian artery (57/100 cases) ( Fig. 7) . In some dogs, CMLN was observed along the external jugular vein, cranial vena cava, right jugular veins, common carotid artery, right subclavian artery, brachiocephalic artery, left subclavian artery, and ventral side of the trachea. In each dog, two to nine CMLN were observed, with a total of 423 lymph nodes. There were 12 dogs with two, 24 dogs with three, 27 dogs with four, 17 dogs with five, 10 dogs with six, seven dogs with seven, two dogs with eight, and one dog with nine CMLNs. The mean number of CMLN was 4.23 ± 1.57 (range, 2.0-9.0). The mean size of 423 lymph nodes was L=4.51 ± 1.66 mm (range, 1.92-13.3 mm) and S=2.74 ± 0.79 mm (range, 1.37-7.03 mm). Regarding shape, there were 86/423 elliptical lymph nodes (20%) and 337/423 circular lymph nodes (80%). There was one elliptical and one circular lymph node, was elliptical in 33/83 lymph nodes (40%) and circular in 50/83 lymph nodes (60%). All observed TLN were uniform. ATLN was observed in 12/100 dogs at the vertebral end of fourth to seventh intercostal spaces (Fig. 11 ). In 5/12 dogs, ATLN was found on the left side, while it was found on the right side in 4/12 dogs. In 3/12 dogs, ATLN was found on both sides. Zero to 2 ATLN was observed, with a total of 16 lymph nodes. In 88/100 dogs, there were no ATLN. In 8/100 dogs, one ATLN was observed, while two lymph nodes were observed in 4/100 dogs. The mean number of ATLN per dog was 0.16 ± 0.47 (range, 0-2). The mean size of 16 ATLN was L=2.84 ± 1.08 mm (range, 1.24-5.1 mm) and S=2.19 ± 0.79 mm (range, 0.87-3.89 mm). Regarding shape, 1/16 ATLN was elliptical (6%) and 15/16 ATLN were circular (94%). In 15/16 lymph nodes (94%), the structure was uniform, while it was non-uniform in 1/16 lymph nodes (6%). PLN was not observed in any of the 100 dogs examined in this study.
The number of dogs and lymph nodes, measurement results, shapes, and X-ray absorption uniformity of each lymph node discussed above were summarized in Tables 1-5. S/L obtained from actual measurements of minor diameter (S) and major diameter (L) of long lymph nodes was 0.63 ± 0.13 for CSLN, 0.63 ± 0.10 for CMLN, 0.58 ± 0.18 for LTLN, 0.40 ± 0.18 for MTLN, 0.54 ± 0.16 for RTLN, and 0.78 ± 0.1 for ATLN. L/ Ao was 0.55 ± 0.15 for CSLN, 0.49 ± 0.14 for CMLN, 0.63 ± 0.16 for LTLN, 0.93 ± 0.33 for MTLN, 0.60 ± 0.14 for RTLN, and 0.29 ± 0.08 for ATLN. S/Ao was 0.36 ± 0.1 for CSLN, 0.32 ± 0.09 for CMLN, 0.37 ± 0.11 for LTLN, 0.35 ± 0.10 for MTLN, 0.33 ± 0.09 for RTLN, and 0.24 ± 0.07 for ATLN ( Table 6 ).
We examined the correlation between the L of each thoracic lymph node and body weight, and we found that CSLN (rs=0.64, (Table 7 ).
In the present study, we observed the thoracic CT images of 100 dogs. The position of each confirmed lymph node and lymph nodes reported in macroscopic anatomy were consistent. CSLN were observed in 96/100 and 4/100 dogs were not observed on CT images. CSLN is located on the cranioventral side of internal thoracic blood vessels inside of the second costal cartilage joint, and usually there are lateral pairs of lymph nodes [3] . However, there were some dogs with only one CSLN either on the left or right side, some without any CSLN, and in rare cases, two CSLN on one side [3] . The shape was usually elliptical with the size ranging from 2 to 20 mm [3] . CMLN were observed in all dogs in this study. The number and shape of CMLN varied for each dog, but in most dogs, three to 12 CSLN were found along the cranial vena cava, brachiocephalic artery, left subclavian artery, and costocervical trunk [3] . The shapes included spindle, elliptical, and circular forms. The size was as large as 10 mm for large dogs, but usually ranged from 1 to 3 mm. It has been reported that CMLN includes those positioned along the dorsal and lateral sides of the trachea and those present on the surface of the heart [3] . However, in the present study, we did not observe the lymph nodes along the dorsal or lateral sides of the trachea and on the surface of the heart. This was possibly due to extremely small lymph nodes, making them difficult to differentiate from the longus colli muscle on the dorsal side of the trachea, from the esophagus on the lateral side, and from the boundary of the heart. TLN consisted of MTLN, LTLN, and RTLN, where RTLN and LTLN were located outside the bronchial tube, branching into left and right from the trachea. RTLN was located on the ventral side of the azygos vein, while LTLN was located on the caudal side of the origin of the aortic arch. The shape was elliptical, with a size of 5 to 30 mm in the craniocaudal direction [3] . MTLN was found on the caudal side of the left and right main bronchi, with a V-shape and the largest size among TLNs [3] . In this study, TLN was confirmed in 99/100 dogs, specially MTLN and LTLN were confirmed at a high rate (99/100 and 93/100 dogs, respectively). RTLN had a lower detection rate at 83/100 dogs. RTLN was probably sandwiched by structures such as azygos vein and caudal vena cava, and as the lymph nodes overlapped with these structures, the detection became difficult. ATLN is anatomically found near the ventral side of the outer vertebrate between the fifth and sixth intercostal space [3] . In 25% of dogs, ATLN was visually confirmed, and 4% of dogs had ATLN on both sides [3] . However, in the present study, ATLN was only found in 12% of dogs. Because ATLN has different number of nodes in each dog, it is possible that ATLN were not present in many of the dogs in this study, or they were extremely small and difficult to differentiate as they overlapped with longus colli, intercostal arteries, and veins near ATLN. PLNs are small lymph nodes present on the dorsal surface of left and right main bronchi between left RTLN and left and right lung parenchyma [3] . Many dogs are missing PLN, with one study reporting that only 14 of 41 dogs had them, and no dog had PLN on both sides [3] . PLNs were not observed in the present study. Since many dogs do not have PLNs or they are extremely small and close to lung parenchyma, they may not have been observed in this study due to a partial-volume effect. In this study, there was a positive correlation between L and S of lymph nodes with body weight or aortic diameter. However, the size of lymph nodes varied widely between dogs. The mean ± standard deviation of all calculated S/L, L/Ao, and S/Ao presented large variations, it was difficult to set the clinical reference values for lymph nodes that accounted for the size of the dog on CT scans as in existing reports.
In previous reports, a circular shape was an abnormal finding [4, 7, 9, 12, 13] . In the present study, we only examined cross sections and did not evaluate the shape in the craniocaudal direction. However, when we evaluated the shape with S/L, there were more circular lymph nodes than elliptical lymph nodes in all types of lymph nodes, except MTLN. As such, circular lymph nodes may not indicate abnormality in dogs. In addition, heterogeneous lymph nodes and lymph nodes with central low absorption or central low echo were both considered abnormal findings in earlier studies [1, 9, 13] . In the present study, in all lymph nodes other than TLN, there were 3%-6% non-uniform lymph nodes and 3-7% lymph nodes with central low absorption. Therefore, care must be taken to distinguish between non-uniform lymph nodes without a pathological sign and heterogenous lymph nodes with pathological signs. There was fat and a lymphatic sinus at the hilum of lymph nodes, which could have led to lower CT values at the center than the margin. However, since CT scan could differentiate solids versus liquids and soft tissues versus fats, heterogeneity of the lymph nodes was more apparent in CT compared to that using X-ray examinations or ultrasound.
In the present study, we analyzed thoracic CT images of 100 dogs without any lesions in the areas of each thoracic lymph node. We examined the position, number, size, shape, and uniformity of intrathoracic lymph nodes. The results showed that the position, number, and size of lymph nodes varied among dogs. Consistent with macroscopic anatomical studies, these lymph nodes could be observed in CT scans. In addition, like previous reports, it was difficult to set a clinical index associated with lymph node size that accounted for the dog size using CT scans. Imaging findings that indicated abnormalities, such as circular shapes and nonuniformity or heterogeneity, may be routinely found in dogs in CT scans. In studies such as the present one, it is impossible to verify the pathological health in all observed lymph nodes. To determine a more accurate diagnostic index, a larger number of CT findings and pathological findings need to be analyzed and compared to dogs with abnormalities in thoracic lymph nodes.
